Abstract A novel nanocatalyst silica-bonded sulfuric acid supported on KIT-5 as an organic-inorganic hybrid with high activity was prepared successfully. The KIT-5 with high surface area was reacted with chlorosulfonic acid via simple and rapid method. This efficient and reusable heterogeneous catalyst sulfuric acid nanocatalyst catalyzed one-pot synthesis of b-dicarbonyl compounds, aldehyde and ammonium acetate in the presence of 0.05 g of nanocatalyst at room temperature via solvent-free conditions to afford excellent yields of 1,4-dihydropyridines. This nanocatalyst was fully characterized by XRD, SEM-EDXS and Map analyses. The morphology of the catalyst surface by SEM images shows all porous of KIT-5 after the reaction was filled with the SO 3 H groups. The average size determines around 22-24 nm. This catalyst can be reused five times without any significant loss of activity, too. The ease of separation, high activity, high surface area and reaction under open air condition are the main advantages of this catalyst.
Introduction
Nowadays, search on new heterogeneous catalyst due to unique properties is one of the attractive topics in industrial and academic research. Catalysis based on mesoporous materials has extreme importance in many areas such as adsorption, separation and catalysis especially (Hoffmann et al. 2006) . In this heterogeneous catalysis, the quality of the surface area of the catalyst is very important for determining the availability of catalytic sites for the reactants. Silica is a good choice as a support in nanoscale for maximizing the surface area of catalyst (Maheswara et al. 2006) . A literature survey revealed an enormous number of very different supports of mesoporous silica materials are used with different pore sizes such as SBA-16, SBA-1 (Kim et al. 2005; Kruk et al. 1999) . Among them, 3D nanocage KIT-5 is an ideal support for this purpose. In the 3D pore supports, the ease of synthesis controls the pore size, which makes them ideal for shape-selective catalysis and gas separations. Solid-supported reagents (Ley et al. 2002) have been prepared and applied in organic reactions because of their excellent selectivity, simple process and reusability of catalysts.
1,4-dihydropyridines (1,4-DHPs) possess a wide range of bioactive molecules and drugs for the treatment of diseases, including hypertension (Bossert et al. 1981; Safak et al. 2006) . Nifedipine drug is a commercial model of the 1,4-DHP structure which has been used extensively in both antihypertensive and antianginal treatments. (Janis and Triggle 1983) . 1,4-DHPs have a wide range of biological activities, antidiabetic agents and antitumor Kılcıgil et al. (2000) . Neuroprotectant (Klusa 1995) and platelet antiaggregator activity (Bretzel et al. 1993) have discovered that several other medicinal applications of 1,4-DHPs.
The first 1,4-DHPs were synthesized by Hantzsch (1882) . The conventional method contains one-pot condensation of three or more components under harsh conditions using ammonia as the nitrogen source, in a refluxing alcohol for a longer period in acetic acid (Love and Sander 1965) .
The green chemistry is an important subject in organic reactions that pollution effects are kept to minimum, in energy usage, consumption of raw materials, the better reactivity of the synthetic procedures with both reductions and decrease in reaction time. Different catalysts have been discovered with the purpose of improving the efficiency of Hantzsch DHPs synthesis, and many of them showed excellent catalytic activity (Agarwal and Chauhan 2005; Debache et al. 2008; Singh et al. 2008; Vivek et al. 2010; Dhruva and Jagir 2010) , for example, L-proline (Shi et al. 2012) , S-Valin ), Yb (OTf) 3 (Wang et al. 2005a, b) , I 2 (Ko et al. 2005) , TBAHS (Tewari et al. 2004) , HOAc (Wang et al. 2009 ), Et 3 N (Wen et al. 2008) , DBU (Shi et al. 2009 ), Py (Bagley et al. 2013) .
Recently, solid acid catalysts-clay (Bahulayan et al. 2002) or silica (Bigdeli et al. 2007; Modarresi-Alam et al. 2008 )-play an important role in organic reactions as an efficient and heterogeneous catalyst. The catalysts based on silica have some advantages, and they are very inexpensive and easy to prepare especially. They can be recycled from reactions easily due to insolubility in all organic solvents. Among various heterogeneous catalysts based on silica, solid sulfonic acid-silica due to its simple preparation method, low cost and reusability performs as an organicinorganic hybrid catalyst in a variety of reactions (Mbaraka et al. 2003; Zareyee and Karimi 2007) .
Synthesis of novel catalysis based on KIT-5 is in the center of our interest (Mirsafaei et al. 2015 (Mirsafaei et al. , 2016 . In continuation of our research group, here, we report a new heterogeneous nanocatalyst protocol with high-active acid groups for the preparation of important biomolecules (1,4-DHP) under solvent-free conditions.
Materials and methods

Chemicals
All chemical materials were purchased from chemical companies (Fluka, Merck and Aldrich) and used without further purification. The yields and the melting point of all products have been determined followed by the comparison of their physical and spectral data with previously reported samples. KIT-5 as a mesoporous silica source was prepared in previous work (Mirsafaei et al. 2015) . Table 1 shows some physical properties of KIT-5. As shown in this table, the surface area of KIT-5 is very high and makes it an ideal choice as a catalysis supporter.
Organic-inorganic hybrid catalyst preparation
Preparation of sulfonic acid-functionalized KIT-5
In a round-bottomed flask, to a mixture of KIT-5 (1.00 g) in CHCl 3 (3 mL), chlorosulfonic acid (1 mL) was added very slowly under ice bath over 2 h. Then in order to complete elimination of HCl vapors, the reaction mixture was stirred for another 2 h. Finally, the mixture was filtered and washed with ethanol (2 9 20 mL) and dried at room temperature. The sample was denoted as SO 3 H-KIT-5 as a white powder (1.2 g) (shown Scheme 1). The number of H ? sites of SO 3 H-KIT-5 was determined by titration method and found to be 2.32 H ? sites per 1 g of solid acid General process for the preparation of 1,4-DHPs
Into a tube equipped with a magnetic stirrer, a mixture of aldehyde (1.0 mmol), dimedone (1.0 mmol), ammonium acetate (1.5 mmol), ethyl acetoacetate (1.0 mmol) and 0.05 g SO 3 H-KIT-5 nanocatalyst was magnetically stirred at room temperature for appropriate time (Scheme 2, Table 2 ). For synthesis of sample 5a, the reaction was stirred for 60 min at 90°C. The progress of the reaction was monitored by TLC (EtOAc: n-hexane; 7:3) when the reaction was completed; the products were washed with water and extracted with EtOAc and dried with anhydrous Na 2 SO 4 and then purified by using column chromatography. Table 2 shows some derivatives of this product with good to excellent yield and reaction time. All of them were known compounds, and the melting points and spectral data were identical to those reported in the literature.
Results and discussion
Catalyst characterization
The FT-IR spectra (SHIMADZU) of the samples were recorded in the range of 4000-400 cm -1 using KBr pellet technique. X-ray diffraction (Bruker D8 advanced powder X-ray diffractometer) patterns of the materials were recorded using Cu Ka (k = 1.54°A) as the radiation source in the 2h range of 2-80°. (Lecia Cambridge S 360, Cambridge) was used to observe the morphology of the modified and unmodified mesoporous silicas. Energy dispersive X-ray spectroscopy (Genesis), with an SUTW detector equipped with SEM equipment, was used to perform the EDXS analysis in order to confirm the presence of silica. The GC-Chrome method (GC-2550TG) for approving some known products with standard sample was recorded by Teif Gostar Faraz Co.
FT-IR analysis
In Fig. 1 , the FT-IR peaks of pure KIT-5 (a) and SO 3 H-KIT-5 nanocatalyst (b) before and after the reaction by ClSO 3 H were confirmed. The broad major peaks for silica at 1300-1000 cm -1 (antisymmetric stretching Si-O-Si) and symmetric stretching (820-740 cm -1 ) were observed. In comparison with the pure KIT-5 (cure a), the distinguished features of SO 3 H/KIT-5 were the presence of a new absorption at near 1032 cm -1 in the spectrum, which is assigned to the symmetric stretching of S=O bond as a result of inducing the SO 3 H groups into the mesoporous silica and an absorption at 610 cm -1 , which is due to the bending vibration of OH groups hydrogen bonded to SO 3 H moieties. FT-IR spectrum (b) shows the overlap symmetric and asymmetric stretching bands of Si-O-Si with O=S=O stretching bands in the SO 3 H-KIT-5 nanocatalyst. The SO 2 asymmetric and symmetric stretching observed at 1170 and 1060 cm -1 , respectively. The FT-IR also showed a broad OH-stretching absorption from 3600 to 3200 cm -1 . Therefore, the mesoporous support can act as a chelate, resulting in the increase in the amount of acid group in the structure of catalyst. Figure 2 clearly shows the wide-angle XRD (WAXRD) pattern of the solid acid catalyst (2h = 5-70°), the reflections at 23°; the crystallite size of nanoparticles was evaluated using Bragg's equation (nk = 2dsinh), found to be approx. 39 nm in size. As shown in XRD patterns, the decreases in the peak intensity of solid acid approved the presence of SO 3 H group in the modified mesoporous KIT-5. The reduced intensity approved that organic moieties were filled in the pores of KIT-5. Further, this also confirmed the immobilization of SO 3 H inside the mesoporous of KIT-5. This may be confirmed that by loading with guest matter in the ordered mesoporous KIT-5, host silica symmetry destroyed.
XRD analysis
SEM analysis
Morphology of the surface of nanocatalyst was investigated by SEM microscope equipped with EDXS. Figure 3 shows the morphology images of pure KIT-5 and SO 3 H-KIT-5 nanocatalyst. Clearly, changes in the morphologies show all porous of KIT-5 after introduction of acid was filled by SO 3 H groups. The average size determines around 22-24 nm. The EDXS analysis of SO 3 H-KIT-5 nanocatalyst confirms the addition of the S group of ClSO 3 H to the host KIT-5, which suggested the formation of acid group with the anchored ligand (Fig. 4) . Finally, the map graph showed uniform dispersion of the solid acid group onto KIT-5 (Fig. 5) .
Preparation of 1,4-DHPs
In fact, Hantzsch method obtains the low yields of 1,4-DHPs. For overcoming to disadvantages of this method, several effective methods have been improved, such as the use of ionic liquid, metal triflates, microwaves, refluxing in high temperatures. As shown in Table 2 , various aromatic aldehydes containing electron-withdrawing groups and electron-donating groups were tested. The reaction time is not depended on the substituent on the benzaldehyde. This new catalyst efficiently catalyzed these reactions in good to excellent yields (63-91 %) and prevents several problems with solvent use, such as handling, cost, safety and pollution.
Reusability of this catalyst was also tested (Fig. 6) . A model reaction 5a was conducted five times with recycled catalysts under similar conditions, and only non-appreciable loss of weight was observed in the obtained desired compound. After each reaction, the catalyst was filtered, washed with water (10 mL) and dried in an oven at 70°C and reused further in the next reaction without any further modification.
The high efficiency of novel SO 3 H-KIT-5 heterogeneous acid nanocatalyst is shown in Table 3 . These data show the reaction conditions for syntheses of sample 5a were compared with various catalysts, reported previously. The data show our catalyst shows easy filtration and reusability like heterogeneous catalysis and high performance in reaction in comparison with homogeneous catalysis, regarding the yields and reaction times. So, this new catalyst is very valuable for various organic reactions too.
Conclusion
In the present work, our research team synthesized a novel and highly effective recoverable heterogeneous nanocatalyst by simple method and clean reaction. This new nanocatalyst catalyzed the one-pot multicomponent important 1,4-DHPs from aromatic aldehydes, dimedone, ethyl acetoacetate and ammonium acetate in the presence of 0.05 g of organic-inorganic hybrid nanocatalyst via solvent-free media effectively. All products were prepared in pure form by high yield in short reaction time. The prepared heterogeneous catalyst found being highly active and recyclable which is desired for catalyzed Hantzsch reaction in high yields and the required reaction time shorter than many of the previously described methods. It is worthwhile to mention that this catalyzed reaction is facile, clean and any tedious work-up procedure and separation technique is non-required. Therefore, the highly mesoporous silica KIT-5 should be considered and examined as a smart support for other nonocatalyst being used in different catalyzed organic reactions. 
